Purpose: Currently, systemic chemotherapy combined with thoracic radiation is the standard treatment for patients with small-cell lung cancer (SCLC). However, the treatment of early stage SCLC remains controversial. This study evaluated the survival outcomes of surgical treatments and the effect of adjuvant chemotherapy and radiotherapy on lung cancerspecific survival (LCSS) in patients with early stage SCLC. Methods: Using the Surveillance, Epidemiology, and End Results registry, we identified 2,453 patients with early stage SCLC (1,295 women and 1,158 men) who had complete clinical information between 2004 and 2015. The Kaplan-Meier analysis was used to determine the propensity score based on the characteristics of patients with early stage SCLC. LCSS was compared between patients treated with surgery and non-surgery after adjusting, stratifying, or matching patients with early stage SCLC. In addition, we compared the effects of chemotherapy and radiotherapy on LCSS in patients with early stage SCLC. Results: Overall, 687 (28.0%) and 1,766 (72.0%) patients with early stage SCLC did and did not undergo surgery, respectively. Kaplan-Meier analysis demonstrated a statistically significant difference in survival curves between the surgery and non-surgery groups (log-rank p<0.001). Compared with the non-surgery group, the LCSS of the surgery group was better (hazard ratio [HR]:0.494, 95% confidence interval [CI]:0.415-0.587, p<0.001) in patients with early stage SCLC when using a Cox model for multivariate analysis. There was no statistically significant difference (p=0.847) in LCSS between patients with early stage SCLC with and without chemotherapy in the multivariate analysis. Radiotherapy had favorable effects on LCSS (HR: 0.579, 95% CI: 0.500-0.671, p<0.001) in patients with early stage SCLC using multivariate analysis. Conclusions: Our study results suggest that LCSS conferred by surgery was higher than that conferred by non-surgery and that radiotherapy is associated with better survival in patients with early stage SCLC. This study findings should be confirmed in prospective studies.
Introduction
Lung cancer is a serious threat to human health and its incidence has risen rapidly in recent years. According to statistical data, lung cancer was the second most common cancer (approximately 13%) and the leading cause of tumor-related death (approximately 26%) in the United States in 2016. 1 Small-cell lung cancer (SCLC)
is a pathological type, accounting for about 15% of all lung cancer. 2 Due to its aggressive nature and early metastasis, approximately two-thirds of SCLC patients are diagnosed with advanced disease and have a poor prognosis. 3 However, some patients are diagnosed at a stage in which their disease may be curable. 4 Patients with early stage SCLC who underwent surgery had a reported five-year survival rate of 40% to 60%. [5] [6] [7] [8] [9] Historically, SCLC was treated by surgery. However, the Medical Research Council performed a trial 10 in the 1960s that demonstrated the poor survival of patients who underwent surgery. This outcome resulted in the abandonment of surgery and the use of chemotherapy as a standard method for SCLC treatment. Subsequently, two metaanalyses 11, 12 reported that systemic chemotherapy in combination with thoracic radiation improved survival, a treatment that has become the standard for patients with SCLC. However, the treatment of SCLC remains controversial. Some institutions have reported good results in patients with early stage SCLC who received surgery. 5, 13 Other studies have reported favorable results in patients with stage III SCLC who be interfered with surgery. 7, 14 Therefore, this study aimed to investigate the effects of surgical resection on lung cancer-specific survival (LCSS) in patients with early stage SCLC. We also analyzed the effect of adjuvant chemotherapy and radiotherapy on the LCSS in these patients.
Methods

Data source
The data used in this study were from the Surveillance, Epidemiology, and End Results (SEER) database. The SEER database is sponsored by the National Cancer Institute of the US and provides registry information on cancer including pathological type, patient survival, surgery, and adjuvant therapy since 1973.
Study population
We limited the cohort to patients with early stage SCLC diagnosed from 2004 to 2015. All early stage SCLC patients were staged using American Joint Committee on Cancer with stage I or IIa (stage T1-2N0M0) disease. Patients who underwent surgery were staged pathologically and those without surgery had clinic staging. Complete patient information was available in the SEER database.
Covariates
The baseline characteristics based on 17 covariates included age, sex, race, tumor size, TNM stage, tumor location, differentiated grade, laterality, surgery, radiotherapy, chemotherapy, insurance status, year of diagnosis, marital status, geographic region, high school education, and median household income. To better analyze the effects of adjuvant therapy on LCSS, we created a new covariate called adjuvant therapy, defined as patients who received one or both treatments (chemotherapy, radiotherapy or chemoradiotherapy).
Statistical analyses
All data were analyzed using IBM SPSS, version 20.0 (IBM Corp, Armonk, NY, USA). Kaplan-Meier analysis was used to compare survival between the surgery and non-surgery groups. Propensity score methods were used to control for potential differences in baseline characteristics of the included patients. Cox regression was performed to assess the balance of the baseline covariates of the two groups after adjusting for the estimated propensity scores.
Results
Study cohort characteristics
We identified 2,453 patients with early stage SCLC, of whom 687 (28.0%) underwent surgery as a primary treatment and 1,766 (72.0%) did not between 2004 and 2015. Table 1 shows the baseline characteristics of all patients identified through the SEER database. The results of Kaplan-Meier analyses demonstrated statistically significant differences in LCSS between the two groups with regard to age (p<0.001), sex (p=0.007), tumor size (p<0.001), TNM stage (p<0.001), radiotherapy (p=0.001), chemotherapy (p=0.026), insurance status (p<0.001), adjuvant therapy (p=0.007), and year of diagnosis (p<0.001). However, no significant differences in LCSS were observed with respect to race (p=0.396), tumor location (p=0.698), differentiated grade (p=0.063), laterality (p=0.611), marital status (p=0.426), geographic region (p=0.069), high school education (p=0.138), and median household income (p=0.470) ( Table 1) .
A Cox model for multivariate analysis including the above significant covariates (TNM stage was excluded due to covariates tumor size and TNM stage linearly related) showed statistically significant differences for age (p<0.001), sex (p=0.008), tumor size (p=0.002), surgery (p<0.001), radiotherapy (p<0.001), and year of diagnosis (p<0.001). Covariates such as chemotherapy (p=0.942), insurance status (p=0.495), and adjuvant therapy (p=0.839) did not differ significantly (Table 2) . Subsequent analysis using a new Cox model including five covariates (age, sex, tumor size, surgery, and radiotherapy) revealed statistically Comparison of disease-specific mortality and median survival time between the surgery and non-surgery groups
The overall lung cancer-specific mortality rate in patients with early stage SCLC was 35.8% (879/2453). The mortality rates were 35.2% (242/687) and 36.1% (637/1766) for the surgery and non-surgery groups, respectively. The overall median survival time for patients with early stage SCLC was 17 months. The median survival times in the surgery and non-surgery groups were 26 and 15 months, respectively (Table 4 ). Compared to that in the nonsurgery group, the crude hazard ratio (HR) and 95% confidence interval (CI) was 0.590 (0.508-0.686, p<0.001) for the surgery group in patients with early stage SCLC. After adjusting for age, sex, tumor size, surgery, and radiotherapy, the HR (95% CI) for the surgery group was 0.494 (0.415-0.587, p<0.001) ( Table 3 ). The median survival time and HR of the surgery group were significantly better than those in the non-surgery group.
Kaplan-Meier analysis of disease-specific survival between the surgery and non-surgery groups
Kaplan-Meier analysis revealed statistically significant differences in survival curves and log-rank tests between the two groups. Among all patients with early stage SCLC, the survival (log-rank p<0.001) of the surgery group was better than that of the non-surgery group ( Figure 1A) . Similarly, the survival (log-rank p<0.001) of the surgery group was better than that of the non-surgery group in patients aged ≥75 years ( Figure 1B ). The survival advantage (log-rank p<0.001) in the surgery group persisted in patients aged <75 years ( Figure 1C ). In addition, the survival (log-rank p<0.001) of the surgery group was better than that of the non-surgery group for patients with tumor size T1 (≤3 cm) ( Figure 1D ). The survival advantage (log-rank p=0.002) in the surgery group persisted in patients with tumor size T2 (3 cm< and ≤5 cm) ( Figure 1E ). Our data demonstrated the significant effect of surgery on disease-specific survival in patients with early stage SCLC.
Comparison of the effects of adjuvant therapy in patients with early stage SCLC
Kaplan-Meier analysis showed a statistically significant difference (p=0.026) in the LCSS in patients with early stage SCLC who received chemotherapy (Table 1) . However, this difference disappeared in the Cox model (p=0.847) ( Table 2) . Similarly, there was a significant difference (p=0.031) in LCSS in patients with early stage SCLC who received adjuvant therapy (Table 1) , which also disappeared in the Cox model (p=0.839) ( Table 2) . Kaplan-Meier analysis also revealed a statistically significant difference (p=0.001) in LCSS in patients with early stage SCLC who received radiotherapy by (Table 1) . In a Cox model including nine covariates, the HR (95% CI) was 0.572 (0.479-0.682, p<0.001) for patients who received radiotherapy compared to those without (Table 2) . After adjusting for age, sex, tumor size, surgery, and radiotherapy, the HR (95% CI) was 0.579 (0.500-0.671, p<0.001) in patients who received radiotherapy (Table 3) .
The effects of radiotherapy on LCSS are also shown in Table 6 . The HR (95% CI) of patients with radiotherapy was 0.804 (0.704-0.918, p=0.001) compared to patients without radiotherapy. Similarly, compared to patients Table 5 ).
The effects of radiotherapy on the survival curves are shown in Figure 2 . In patients with early stage SCLC, the survival curve (log-rank p<0.001) of patients with radiotherapy was better than that in those without radiotherapy (Figure 2A ). However, there was no statistically significant difference in survival curve (log-rank p>0.05) between patients with and without radiotherapy among those aged ≥75 years ( Figure 2B ). However, the survival curve (logrank p<0.05) of patients with radiotherapy was better than that of those without radiotherapy among those aged <75 years ( Figure 2C ). Among patients with T1 (tumor sizes ≤3 cm) (log-rank p<0.05) and T2 (3 cm< and ≤5 cm), the survival curves of patients with radiotherapy were better than those of patients without radiotherapy (logrank p<0.05) (Figure 2D and E). In patients with surgery, there was no significant difference in survival curves (logrank p>0.05) between patients with and without radiotherapy ( Figure 2F ). However, among those without surgery, the survival curve (log-rank p<0.001) of patients with radiotherapy was better than that of those without radiotherapy ( Figure 2G) .
Comparison of the effects of treatment combinations in patients with early stage SCLC
According to the patient's adjuvant therapy plans, we divided the patients with early stage SCLC into four cohorts: patients with chemoradiotherapy (cohort 1), patients without any adjuvant therapy (cohort 2), patients with chemotherapy only (cohort 3) and patients with chemoradiotherapy plus without any adjuvant therapy (cohort 4). Subsequently, we set up treatment combinations: non-surgery plus chemoradiotherapy group and surgery plus chemoradiotherapy group in cohort 1, non-surgery plus no adjuvant therapy group and surgery plus no adjuvant therapy group in cohort 2, non- surgery plus chemotherapy only group and surgery plus chemotherapy only group in cohort 3 as well as nonsurgery plus chemoradiotherapy group and surgery plus no adjuvant therapy group in cohort 4. In all cohorts, there were significant differences in survival curves and log-rank tests between the two groups in the same cohort ( Figure 3 ). The survival curve (log-rank p<0.001) of the surgery plus chemoradiotherapy group was better than that of the non-surgery plus chemoradiotherapy group in cohort 1 ( Figure 3A) . Similarly, the survival curve (log-rank p<0.001) of the surgery plus no adjuvant therapy group was better than that of the non-surgery plus no adjuvant therapy group in cohort 2 ( Figure 3B ), and the survival curve (log-rank p<0.001) of the surgery plus chemotherapy only group was better than that of the non-surgery plus chemotherapy only group in cohort 3 ( Figure 3C ). In addition, the survival curve (log-rank p=0.005) of the surgery plus no adjuvant therapy group was also better than that of the non-surgery plus chemoradiotherapy group in cohort 4 ( Figure 3D ). Analogous results were showed in Table 7 by univariable analysis. Compared to the non-surgery plus chemoradiotherapy group, the HR (95% CI) of the surgery plus chemoradiotherapy group was 0.581 (0.429-0.787, p<0.001) in cohort 1. The HR (95% CI) of the surgery plus no adjuvant therapy group was 0.401 (0.300-0.536, p<0.001) compared to the non-surgery plus no adjuvant therapy group in cohort 2. The HR (95% CI) of the surgery plus chemotherapy only group was 0.462 (0.353-0.605, p<0.001) compared to the non-surgery plus chemotherapy only group in cohort 3. The HR (95% CI) of the surgery plus no adjuvant therapy group was 0.709 (0.557-0.903, patients with stage I SCLC. 22, 23 A growing number of patients with early stage SCLC receive surgical treatment, resulting in a favorable overall median survival of 29-91 months. [24] [25] [26] [27] The present study evaluated the survival outcomes of surgery versus non-surgery in patients with early stage SCLC, finding that surgery resulted in a better LCSS than that of non-surgery. To further analyze the effect of surgery on LCSS in elderly patients with early stage SCLC, we divided the age covariates into ≥75 and <75 years. The LCSS of patients receiving surgical treatment was better than that of non-surgery in patients aged ≥75 years. Better survival was also observed in surgical patients aged <75 years than that in those without surgery. We also analyzed the effect of surgery on LCSS in patients with early stage SCLC with varying tumor sizes. We divided the patients into T1 (≤3 cm) and T2 (3 cm< and ≤5 cm) based on tumor size. Our results showed a superior LCSS in patients with surgery compared to non-surgery for both T1 and T2. Our results show that surgical treatment is superior to non-surgical in patients with early stage SCLC. This result is consistent with those of the above studies. At present, chemotherapy is the main treatment for early stage SCLC. We analyzed the effect of chemotherapy on LCSS in patients with early stage SCLC. Univariate analysis revealed statistically significant differences in LCSS between chemotherapy and nonchemotherapy patients with early stage SCLC. However, a Cox model for multivariate analysis indicated no statistically significant difference in LCSS between these groups. In addition, we defined one or two rounds of chemotherapy and radiotherapy as adjuvant therapy. We found a significant difference in univariate analysis, which disappeared in multivariate analysis. According to these outcomes, chemotherapy did not provide significant survival benefits for patients with early stage SCLC. This result may provide a reference for clinicians to select appropriate treatment methods for these patients.
Because SCLC is radiosensitive, radiotherapy can provide local control for patients with SCLC. 4 We analyzed the effect of radiotherapy on LCSS in patients with early stage SCLC. In univariate analysis, the LCSS of patients with radiotherapy was better than that in non-radiotherapy patients. A Cox model for multivariate analysis (included covariates: age, sex, tumor size, surgery, and radiotherapy) also revealed a better LCSS in patients with radiotherapy than that in non-radiotherapy patients. These results suggest that radiotherapy has a significant effect on LCSS in patients with early stage SCLC. The patients were further divided into groups according to age (≥75 or <75 years), tumor size (T1 or T2), and surgery (yes or no) to analyze the effects of radiotherapy on LCSS in univariate analysis. Compared to that in nonradiotherapy patients, the LCSS of patients with radiotherapy was significantly better among those aged <75 years. Similarly, the LCSS of patients with radiotherapy was significantly better than that in those without radiotherapy and without surgery. However, among patients aged ≥75 years or with surgery, there was no advantage for radiotherapy compared to nonradiotherapy. In addition, radiotherapy can provide a benefit in LCSS for radiotherapy patients, whether T1 or T2.
Patients with early stage SCLC might receive multiple treatments including surgery, radiotherapy and chemotherapy. Therefore, it was necessary to further discuss the significance of surgery in different treatment combinations. Due to the small number of patients undergoing surgery plus radiotherapy, we did not discuss it further. Our results showed that the combination comprising surgery was superior to the combination without surgery on LCSS in the same cohort. Moreover, surgical treatment was superior to chemoradiotherapy in patients with early stage SCLC ( Figure 3D , Table 7 ). This study further indicates that surgical treatment is a better option for patients with early stage SCLC. Due to its retrospective design, our study has some limitations. One is the lack of information showing the status of performance or other indicators of the patient's physical condition. Another limitation is the lack of specific treatment information for the patient, such as chemotherapy regimen, radiation dose and method, and the surgical procedure. However, with the inclusion of 18 covariates and nearly 2,500 patients in our cohort, the present study represents a wellbalanced analysis between surgery and non-surgical methods. Thus, in the absence of data from prospective trials, our findings provide useful information for the management of patients with early stage SCLC.
In summary, the prognosis of patients with early stage SCLC was related to a variety of factors. According to the results of our study, surgery was superior to non-surgery in patients with early stage SCLC; therefore, we recommend surgical resection as the more favorable choice. In addition, because radiotherapy may be beneficial for patients with early stage SCLC, it should be recommended, especially in patients not undergoing surgery and aged <75 years. Understanding this information is critical to the prognosis of patients with early stage SCLC and our findings help in determining the best treatment strategies for these patients. 
